We describe the implementation of slitless radial velocity measurements of extragalactic planetary nebulae (PNs) with the 8.2 m Subaru telescope and its Cassegrain imaging spectrograph, FOCAS. As a first application, we have extended a previous search for PNs in NGC 4697 to larger angular distances from its center. A total of 218 PNs were detected, and their radial velocities were measured. We have added 56 new PN detections to the existing sample of 535, observed previously with the ESO VLT + FORS imaging spectrograph; 36 of these new 56 PNs are located at angular distances larger than 230 arcsec from the center of NGC 4697. We compare the new FOCAS velocities with the earlier FORS velocities, for 158 of the 162 reobserved sources, finding good agreement. We now have kinematic information extending out to 5 effective radii from the center. The outer line-of-sight velocity dispersion is a bit lower than estimated earlier. This result is compatible with the existence of a dark matter halo plus some degree of radial anisotropy, but the dark matter halo is rather inconspicuous, and it is still unclear how massive it can be. A more detailed global dynamical study of the whole set of PN velocities will be required to decide if they permit to narrow down the range of possible dark matter distributions in NGC 4697. The new radial velocities reveal no evidence of rotation at 5 effective radii.
Introduction
Planetary nebulae (PNs) in the outskirts of elliptical galaxies offer valuable kinematic information that can be used to trace the angular momentum distribution and mass distribution in these galaxies. The classic example is the study of PNs in NGC 5128 by Hui et al. (1995) , later extended by Peng et al. (2004) to 780 PNs. A dark matter halo and significant outer rotation were detected. A recent dynamical study of 340 globular clusters in NGC 5128 has shown additional evidence of a dark matter halo (Woodley et al. 2007) . Another case where a dark matter halo was immediately apparent from PN kinematics is NGC 1344 (Teodorescu et al. 2005) .
In a previous work (Méndez et al. 2001) , hereafter Paper I, we presented photometry and slitless radial velocity information for 535 PNs in the flattened elliptical galaxy NGC 4697. These PNs provided kinematic information up to a distance of 3 effective radii from the center of NGC 4697. The most important result in Paper I was a substantial decline of line-of-sight velocity dispersion (losvd) as a function of angular distance from the center, which can be interpreted as indicating the absence of a dark matter halo around this galaxy, if we assume an isotropic velocity distribution. However, some dark matter can be present if the velocity distribution is radially anisotropic; we explicitly warned about this alternative interpretation in Paper I, and the point has been made in much more detail by Dekel et al. (2005) and De Lorenzi et al. (2008a) .
It is important to clarify which of the two interpretations, lack of dark matter or pronounced radial anisotropy, is correct. In the current context, with dark matter firmly established as one of the basic components of the universe, the existence of one or several substantial, medium-size elliptical galaxies without a dark matter halo (which is expected to have made possible its very formation) is surprising. On the other hand, if we are able to confirm radial anisotropy, then we have learned about an important constraint concerning the formation of elliptical galaxies. For example, Athanassoula (2005) has made numerical experiments in which a quick succession of disk mergers is more likely to produce significant radial anisotropy.
De Lorenzi et al. (2008a) made a detailed dynamical analysis of NGC 4697, using the PNs of Paper I and long-slit absorption line kinematic data. Their best-fitting models were radially anisotropic, and included potentials with a variety of dark matter halos. The models with no dark matter were not consistent with the PN losvds. However, more PN velocities at larger angular distances from the galaxy's center were required to narrow down the range of acceptable dark matter models. In this paper we provide more such PN velocities. Romanowsky et al. (2003) showed similarly declining losvds in NGC 3379, NGC 4494 and NGC 821, claiming that their "orbit library analysis" ruled out extreme orbital anisotropies at least in the case of NGC 3379. More recent modeling (De Lorenzi et al. 2008b) indicates again that there are mass-shape-anisotropy degeneracies that need to be resolved to reach a firm conclusion. In addition, a study of two dozens of globular clusters in NGC 3379 (Pierce et al. 2006) suggests that some dark matter may be present there. A recent long-slit spectroscopic study by Forestell & Gebhardt (2008) seems to indicate the presence of a dark matter halo around NGC 821, again in contradiction to what Romanowsky et al. (2003) concluded from the PNs in that galaxy. In summary, the case for no dark matter appears to be weakening, but it is still quite possible that less massive ellipticals have, on average, lower dark matter fractions, i.e. less easily detected dark matter halos (e.g. Napolitano et al. 2005) . We seem to be in a situation that will require more careful studies of several galaxies before we can arrive to more solid conclusions.
The need to collect large PN samples means that we need to detect faint PNs. This can be better done using the largest telescopes available; so we had a strong motivation to extend the slitless radial velocity method, used in Paper I with VLT+FORS, to other large telescopes in the northern hemisphere. The FOCAS spectrograph of Subaru proved to be a good choice. As a first application of the slitless technique with FOCAS and Subaru, we have extended our search for PNs around NGC 4697 to larger angular distances. In this paper we present the resulting data and a preliminary analysis. In Section 2 we review the basic idea of slitless radial velocities and describe the Subaru + FOCAS observations in the outskirts of NGC 4697. Section 3 describes the reduction and calibration procedures. Section 4 deals with quality control of the slitless radial velocities using observations of the local PN NGC 7293. In Section 5 we give a catalog of 218 PNs detected with FOCAS, and compare the FOCAS with FORS slitless radial velocities for 158 PNs. Having verified the quality of the data, in Section 6 we discuss the line-of-sight velocity dispersion, and we analyze a plot of the escape velocity as a function of projected distance from the center of the galaxy. We adopt a distance of 10.5 Mpc for NGC 4697, taken from Paper I. Section 7 deals with rotation in the outskirts of NGC 4697. Section 8 gives a summary of results.
Radial velocity method, field selection and observations
Since the slitless radial velocity method was described in Paper I, here we give only a brief summary of the basic ideas. Planetary nebulae can be detected in the light of [O III] λ5007 using the traditional on-band, off-band filter technique. Having taken the on-band image, insertion of a grism as dispersing element produces not only dispersion but also a displacement of all images. The dispersed images of PNs remain point sources, which permits an accurate measurement of the displacement. Calibration of the displacement as a function of wavelength and position in the CCD detector offers an efficient way of measuring radial velocities for all PNs in the field, irrespective of their number and distribution. Since no slits are used, there are no light losses, and it is not necessary to go through the complex selection and preparation procedures typical of multi-object slit (or fiber) spectroscopy. Of course the quality of the slitless velocities will depend on the seeing and will decrease for very faint sources because of the larger position uncertainty.
The project reported here involves the 8.2 m Subaru telescope on Mauna Kea, Hawaii, and its Cassegrain imaging spectrograph FOCAS. We wanted to extend our search for PNs to larger angular distances from the center of NGC 4697, but allowing for partial overlap with the FORS E and W fields described in Paper I, to be able to compare the radial velocities measured with both instruments. Figure 1 shows the FORS fields studied in Paper I, and the two FOCAS fields observed for the present work.
The Subaru + FOCAS observations were made on the nights of 2004 May 12/13, 13/14, and 2005 May 11/12, 12/13 and 13/14. The 2004 nights were partly clouded. The first two 2005 nights were photometric, and the last one was affected by thin cirrus. During both observing runs the seeing was stable, oscillating around 0.6 arcsec.
FOCAS has been described by Kashikawa et al. (2002) . The circular field of view of FOCAS has a diameter of 6 arc minutes. This field is covered by two CCDs of 2k×4k (pixel size 15µm) with an unexposed gap of 5 arcsec between them. The image scale is 0.1 arcsec pix −1 . Two fields, E and W of NGC 4697, were observed, as shown in Figure 1 .
On-band direct imaging was done through the interference filter N502, which has the following characteristics: central wavelength 5025Å, peak transmission 0.68, and FWHM 60Å. Off-band imaging was done through the broad-band standard visual filter. Dispersed images were obtained by exposing through filter N502 and an echelle grism with 175 grooves mm −1 , operating in the 4th order. In this way the echelle grism gives a dispersion of 0.5 A pix −1 , with good efficiency and a rather small displacement. Dispersed PN images of 0.5 arcsec have a size of 5 pixels on the CCD. This implies a radial velocity resolution of 140 km s −1 , i.e. the PN's internal velocity field is not resolved. In other words, PNs should always appear as single point sources. Assuming position errors of 0.4 pixel, the expected uncertainty in radial velocity is 10 km s −1 . Table 1 lists the most important CCD images obtained for this project. It includes the exposures of the FOCAS E and W NGC 4697 fields, the spectrophotometric standard G138-31 (Oke 1990) , and the calibration and quality control exposures to be described in next Section. Since there are two CCD images for each field (Chips 1 and 2), for brevity we have listed only the exposure number corresponding to Chip 1. For Chip 2, add 1 to the listed exposure number. All images were binned 2×1 in the horizontal direction (perpendicular to dispersion). This was done to increase the signal from the very faint sources we wanted to detect, but at the same time without compromising the spectral resolution. As a consequence of this binning, each point source looks like an ellipse. Unbinning is required to bring all stars back to their normal appearance.
Reduction and calibration procedures
The basic CCD reductions (bias subtraction, flat-field correction using twilight flats) were made using IRAF 1 standard tasks. Then we unbinned the images, recovering the original CCD pixel numbers in the horizontal direction.
For image registration and combination we first selected, for each of the E and W fields, a pair (undispersed, dispersed) of on-band individual images, of the best possible quality, taken consecutively at the telescope, and adopted them as reference images. For field E, chip 1, the reference images were 60989 and 60991. For field W, chip 1, the reference images were 52471 and 52473. Obviously, for chip 2 the reference images were 60990, 60992, 52472 and 52474. All the other images, including the off-band ones, were registered upon the corresponding reference image. Registration and combination were made using IRAF standard tasks. In particular the dispersed images were registered using the brightest PN images as reference point sources, avoiding in this way any dependence on ambient temperature variations (see the corresponding discussion in Section 3 of Paper I).
We still have to describe the calibration images for radial velocities. They were obtained using an engineering mask with punched holes. The mask produces an array of point sources covering the whole field when illuminated by the internal FOCAS lamps or by any extended astronomical source. There are almost 1000 calibration points, separated by about 100 pixels in x and y. Two kinds of calibration images were obtained illuminating the engineering mask with a Th-Ar comparison lamp: (u1) undispersed, taken through filter N502; (d1) dispersed, taken through N502 and the echelle grism. In addition, there were "quality control" images, obtained illuminating the engineering mask with the local PN NGC 7293: (u2) undispersed, taken through N502; (d2) dispersed, taken through N502 and the echelle grism. Figure 2 shows examples of images u2, d2 and d1.
A comparison between the left and central images in Figure 2 shows the effect of inserting the grism; comparing to the position of a fixed CCD defect, easily recognizable, it is clear that all the point sources have been displaced upwards. The right image in Figure 2 shows what happens if we keep the grism in the light path and illuminate the mask with the Thorium-Argon comparison lamp; now each point source gives a Th-Ar spectrum. The positions of the Th emission lines permit to obtain the wavelength calibration for each grid point. The Th-Ar lamp is ideally suited for our purposes, because its spectrum shows several emission lines within the on-band filter transmission curve. In Paper I we needed to take the calibration images through a broader filter, because the FORS spectrographs do not have Th-Ar lamps.
Measurement of the undispersed and dispersed calibration images permits to obtain the displacement produced by the insertion of the grism as a function of wavelength and position on the CCD. The slitless radial velocity calculation proceeds in the following way:
(1) identify the four calibration points closest to the undispersed position of the PN; (2) from the displacement between undispersed and dispersed PN images, calculate the redshifted wavelength of the [O III] emission at each of the four calibration points; (3) obtain the final wavelength by bilinear interpolation, weighting the four wavelength values according to the distance from each of the four calibration points to the PN; (4) calculate the radial velocity from the final wavelength and the heliocentric correction.
Radial velocity quality control using NGC 7293
The NGC 7293 images we obtained permit to measure radial velocities in two ways: (a) slitless, using images u2 and d2 to obtain the displacement, and using the displacement as a measure of wavelength and therefore velocity, in the way we described at the end of the previous section; (b) "classical", using images d1 and d2, and treating each mask hole as a slit. Figure 3 shows a comparison of slitless vs. classical radial velocities of NGC 7293. There is good agreement, which indicates that the calibration of the displacement works very well. In addition, the average heliocentric velocity of NGC 7293 from all the grid points turns out to be approximately −30 km s −1 , in good agreement with the known systemic velocity (−27 km s −1 , measured by Meaburn et al. 2005) . Furthermore, individual grid points show a range of velocities, from −15 to −50 km s −1 . Clearly in some cases the mask holes have isolated gas parcels that are moving predominantly towards or away from us, while in most cases we see gas moving in both directions, so that the unresolved emission line profile gives us a velocity closer to the systemic velocity. From the observed range we infer a lower limit of about 20 km s −1 for the expansion velocity in [O III], again perfectly consistent with the 25 km s −1 measured by Meaburn et al. (2005) . No grid point has given a radial velocity departing more from the systemic velocity than we should expect from the expansion velocity. From all these results we estimate that the uncertainty in FOCAS slitless velocities is of the order of 10 kms −1 . In the next section we will provide more evidence about the quality of the FOCAS slitless velocities.
PN detection, photometry, catalog, and comparison with FORS photometry and radial velocities
We searched for PNs using the traditional blinking method. In the same way as in Paper I, a PN candidate was found by blinking on-band vs. off-band, and confirmed by blinking undispersed vs. dispersed on-band. The source was accepted as a PN candidate if it was absent in the off-band image, and if it was a point source. A total of 218 PNs were found, 162 of which had been discovered previously with FORS. Consequently, we have added 56 new detections. Most of the new detections (36 in fact) are at angular distances larger than 230 arcsec from the center of NGC 4697.
After measuring the positions of the 218 PNs on the undispersed and dispersed images, the radial velocities were calculated as described in sections 2 and 3. We also measured the Jacoby magnitudes m(5007) using the same spectrophotometric standard (G 138-31, Oke 1990 ) and the same procedures described in Paper I. For a definition of Jacoby magnitudes, see Jacoby (1989) or Paper I. The standard G 138-31 has m(5007)=19.36 (this number depends on the characteristics of the on-band filter). The faintest objects detected both in Paper I and in the present search have m(5007) ≈ 28.5. We expect both PN searches to have similar limiting magnitudes, because the telescope sizes, instrumental and CCD efficiencies, and total exposure times, are similar. J2000 equatorial coordinates for all PNs were calculated using a set of astrometric programs written by David Tholen and kindly provided by Fabrizio Bernardi. A first program, when given an input file with field and camera parameters, identifies all the USNO-B1 catalog stars available within the desired field and produces a list of reference stars with rough estimates of their position in the chip. The next programs make an improved centroid fitting for reference stars, producing an output file with a list of reference stars with pixel coordinates x, y accurate to a few hundredths of a pixel. The last program performs the final astrometric fit, rejecting outliers and iterating, and provides the PN equatorial coordinates with uncertainties of about 0.5 arcsec.
In Table 2 we list the following for all detected PNs: identification number; (x, y) coor-dinates, in arcsec, relative to the optical center of NGC 4697; J2000 equatorial coordinates; Jacoby magnitude, m(5007); heliocentric radial velocity in km s −1 ; and E and W FORS field identification numbers, if the PN is present in the FORS PN catalog (Méndez et al. 2008) . FOCAS identification numbers that begin with 20, 21, 22 and 23 correspond respectively to FOCAS fields W chip 1, W chip 2, E chip 1, and E chip 2. A few numbers are missing for a variety of reasons: object 2008's radial velocity is 281 km s −1 , if the emission line is identified as [O III] λ5007. Since this velocity is incompatible with NGC 4697, we assume that object 2008 is a background emission-line galaxy, at such a redshift that some other emission line falls into the on-band filter transmission curve (e.g. Lyα at z=3.1). Object 2023 was a rediscovery of 2014. Object 2049 was not convincingly identified in the grism image, and was rejected as a PN.
Since we purposely reobserved many PNs discovered previously with FORS, we can test the accuracy of equatorial coordinates, Jacoby magnitudes, and, most important, radial velocities. Figure 4 shows the differences in declination as a function of the differences in right ascension. We conclude that our coordinates are reliable to within one arcsec, which is adequate for our purposes. Figure 5 shows the differences in magnitudes m(5007) plotted as a function of the FORS m(5007), which is taken from Méndez et al. (2008) . There is no systematic difference, and the dispersion increases, as expected, towards fainter magnitudes. We find no need to rediscuss the photometric results and PNLF distance of 10.5 Mpc obtained in Paper I. Figure 6 (left panel) shows FORS radial velocities as a function of FOCAS radial velocities for 158 PNs. There is satisfactory agreement. We should explain that four of the 162 PNs could not be measured in Paper I, because these PNs were too far to the right of the W FORS field (see Section 6 in Paper I).
We have generated simulations of radial velocity sets affected by random errors that follow a gaussian distribution. In Paper I we estimated errors of about 35 or 40 km s −1 for the FORS velocities. The right panel in Figure 6 shows what happens if we assume FOCAS errors of the same magnitude. The dispersion is too large. The central panel in Figure 6 was obtained assuming FOCAS errors of 20 km s −1 . This is a much better representation of what we observe in the left panel, and we conclude that The FOCAS errors are not larger than 20 km s −1 ; in other words, the FOCAS errors are significantly smaller than the FORS errors. This result is expected. The FOCAS radial velocities are better mainly because the spectral dispersion is larger: 0.5Å per pixel versus the FORS dispersion of 1.2Å per pixel. For similar position measurement errors, the larger dispersion gives more accurate velocities. Figure 7 shows the radial velocity difference FOCAS − FORS as a function of the apparent Jacoby magnitude m(5007) for 158 PNs. There is a small systematic difference of about 15 km s −1 , in the sense that FORS velocities are larger, but it is well within the uncertainty attributed to FORS velocities. Note also that large differences occur only for faint PNs. This is expected, because the quality of the slitless radial velocities depends on the quality of the position measurements. For very faint sources, the positions in undispersed and dispersed images are less reliable because the sources are barely detectable and the S/N ratio is low.
Line-of-sight velocity dispersions and escape velocities
As mentioned in the introduction, the detailed dynamical analysis by De Lorenzi et al. (2008a) showed that the best-fitting models are radially anisotropic, and require some dark matter; but it is not clear how much. What we need is more PN radial velocities at large angular distances from the center of NGC 4697. Here we present a preliminary discussion of the new FOCAS PN velocities. To illustrate how much we have improved the information about PNs distant from the center, we can mention that we have discovered a total (FORS + FOCAS) of 42 PNs at angular distances larger than 280 arcsec from the center of NGC 4697. We have FORS velocities for 10 of these outlying PNs, and we have FOCAS velocities for 41 of them. In a first attempt we defined six data groups: PNs with x < −300, −300 < x < −200, −200 < x < −100, 100 < x < 200, 200 < x < 300, and 300 < x. The numbers of PNs within each group were, respectively, 14, 28, 49, 47, 30 and 8. We calculated the line-ofsight velocity dispersions (losvds), and corrected them for the small effect of measurement errors by subtracting 10 km s −1 in quadrature. Figure 9 shows the resulting losvd for each group, as a function of average angular distance from the center of NGC 4697. We also show dispersions derived from absorption-line spectra along the major axis by Binney et al. (1990) , and dispersions derived from FORS PNs in Paper I. All these data are in good agreement with each other where they overlap.
De Lorenzi et al. (2008a) defined zones with elliptical boundaries for losvd calculations; see their Figure 6 . Their outermost datapoint, at a radius of 300 arcsec, has a losvd of 110 km s −1 . We have calculated the losvd for a group involving all the 48 FOCAS PNs that lie outside an ellipse with semi-major and minor axes of 280 and 180 arcsec, respectively. The resulting losvd is 93±13 km s −1 , somewhat smaller than the De Lorenzi losvd. We made a similar calculation for the 21 FOCAS PNs lying outside a larger ellipse, with semi-major and minor axes of 350 and 225 arcsec. The corresponding losvd is even smaller: 81±18 km s −1 . These values are similar to those shown in Figure 9 . We conclude, first, that our FOCAS losvds in the outskirts of NGC 4697 are not very sensitive to the shape of the regions used to define the samples; and second, that the new FOCAS data indicate a slightly smaller losvd beyond 250 arcsec than obtained from the FORS data in De Lorenzi et al. (2008a) . Following their discussion, we conclude that the best fitting models are still those including a not very massive dark matter halo, but it is still difficult to narrow down the range of acceptable dark matter models, because the new FOCAS data lie somewhat closer to the models without dark matter than the earlier FORS data.
We also built a new sample by adding, to the 21 FOCAS PNs mentioned above, the six other FORS PNs that lie outside of the larger ellipse. We did not make any correction for the larger errors of those few FORS velocities. Still, the losvd for this new 27-object sample was 95±18 km s −1 , again lower than the De Lorenzi et al. value.
We can also consider an argument used in the pioneering work of Hui et al. (1995) to confirm the existence of a dark matter halo around NGC 5128. When we plot PN radial velocities as a function of angular distance from the center of that galaxy, we find several PNs with velocities exceeding the local escape velocity for a Hernquist (1990) we would expect such stars to escape in a very short time. Instead, using a two-component Hernquist model, which includes a dark matter halo, even the most distant PNs become bound, because the escape velocity becomes much larger. This is a test we can easily apply to NGC 4697. Figure 10 shows the result. We calculated the escape velocity for a constant M/L Hernquist (1990) model at a distance r from the center of the mass distribution:
where M t is the total mass (for our test we use two masses, 1.5×10 11 M ⊙ and 9×10 10 M ⊙ ), and a is a scale length equal to R e /1.8153.
The choice of galaxy mass needs to be explained. De Lorenzi et al. (2008a) found a M/L ratio of about 5 in the R band, which is equivalent to approximately 7.5 in the B band (see e.g. Maraston 1998 ). Knowing the extinction-corrected B T =10.0, the distance modulus 30.1 from Paper I, and the solar B absolute magnitude 5.48, we obtain for NGC 4697 a blue luminosity of 1.7 × 10 10 L ⊙ , which then gives a mass of 1.3 × 10 11 M ⊙ .
Note that the (M/L) B ratio of 11 determined in Paper I needs to be changed, because we have reduced the effective radius R e of NGC 4697 after the photometric study by De Lorenzi et al. (2008a) . The new value of R e is 66 arcsec, which is equivalent to 3.36 kpc at the galaxy's distance of 10.5 Mpc. This forces a decrease in the total mass required for a fit of the losvd with the Hernquist model. Please refer to formulas (32) and (41) in Hernquist (1990) . The dispersion depends on the mass and the scale length a. If we change R e , which is proportional to a, then we need to change M. This is perhaps more easily appreciated in Appendix B of Hernquist (1990) , where all the formulas for the dispersion express it as a function of M/a. Figure 9 shows, for illustrative purposes only, the result of fitting the observed losvd with a Hernquist model. Clearly the NMAGIC modeling by De Lorenzi et al. is to be preferred, but it is useful to show that the Hernquist model is not far off; the total mass of this Hernquist nodel is 1.5×10
11 M ⊙ , which implies (M/L) B = 9. This differs from the NMAGIC solution by less than 20% in the mass.
Let us go back to Figure 10 . We have plotted two escape velocity curves, corresponding to (M/L) B = 9 and 5. For a (M/L) B ratio of 9 we do not find any unbound PNs, but if we decrease (M/L) B to 5, then a few PNs become unbound. It should be clear that this kind of diagram cannot prove the absence of dark matter. Since we are dealing with projected distances to the center, some PNs can in fact be located at larger distances, where the escape velocity is lower. It is also possible that some PNs have large tangential velocities, so that the total spatial velocity can exceed the escape velocity.
In summary, for the larger M/L ratio, no dark matter is necessary; but, for the smaller M/L ratio, the presence of several unbound PNs requires the presence of a dark matter halo. A curve based on the NMAGIC mass of NGC 4697 falls between the two curves we plotted, and therefore the evidence is inconclusive. We can only say that the dark matter halo around NGC 4697 is less conspicuous than the one around NGC 5128.
What is needed now is to repeat the NMAGIC modeling globally, taking into account both the old FORS and new FOCAS PN velocities. This will require considerable work by other researchers, and is outside the scope of the present paper, which is limited to presenting the new information we have obtained, and exploring its possible significance.
Rotation
In Paper I we reported that the rotation curve of NGC 4697 appeared to drop beyond about 100 arcsec from the center. We can reinvestigate the rotation at large angular distances from the center of NGC 4697 using our FOCAS PN velocities, which extend further out and have smaller errors than FORS velocities. Figure 11 shows histograms for PNs progressively more distant from the center. We show separate histograms for PNs with negative and positive x coordinates. In the left panel there is a peak of positive relative radial velocities at negative x, but anyway the signal of rotation (most of the galaxy moving toward us at negative x, and away from us at positive x), is clear. The same sense of rotation is also present in the central panel. The right panel shows that, at x coordinates larger than 300 arcsec in absolute value, the rotation is no longer evident. From Paper I and De Lorenzi et al. (2008a) we know already that there is no rotation along the minor axis (that is to say, around the major axis).
From long-slit absorption-line studies (Binney et al. 1990 , De Lorenzi et al. 2008a we know how the stars are rotating. Figure 12 shows that the PNs rotate in the same sense. We have selected PNs within 50 arcsec of the major axis, and divided them in eight groups along the major axis, with limits at −300, −200, −100, 0, 100, 200 and 300 arcsec. The two extreme groups turned out to have too few PNs, and therefore we removed the y limit in those two cases. In order of increasing average x, the numbers of PNs in each group are 14, 16, 19, 20, 11, 20, 13 and 8 . We averaged the PN radial velocities and plotted the averages as a function of the average x of each group. The drop in rotation velocity at large radii is clear. It seems that NGC 4697 is hardly rotating at all at 5R e . The rotational signal must be somewhat diluted, because we were forced to include PNs with rather large y coordinates; but still the behavior of rotation is obvious. Figures 11 and 12 confirm what we suspected in Paper I. In relation to this lack of outer rotation, it may be interesting to mention a recent study of the S0 galaxy NGC 1023 (Noordermeer et al. 2008) , which has revealed a similar drop in the outer rotation velocity.
Sufficiently massive dark matter halos are usually expected to generate significant rotation in the outskirts, as discussed by De Lorenzi et al. (2008a) . Indeed, for example NGC 5128 shows clear evidence of outer rotation (Woodley et al. 2007) . That this is not the case in NGC 4697 should not be interpreted as necessarily indicating the lack of a dark matter halo. Instead, it may be a problem of how the specific angular momentum is distributed in the system, independently of its potential well and, by this, its total gravitational mass. In the same way as with the interpretation of the losvd, the interpretation of rotation will require more careful global modeling with NMAGIC or similar codes.
For the moment, the conclusion we want to extract is that there appears to exist a variety of cases concerning how much angular momentum resides in the outskirts of elliptical galaxies. PNs are a good tool that will allow to collect angular momentum information for several other galaxies. We hope that the information derived from PN radial velocities will make it possible to explore if this variety in angular momentum distribution can be traced to different galaxy formation mechanisms involving mergers.
Summary of conclusions
We have demonstrated how Subaru and FOCAS can be used to obtain accurate slitless radial velocities of extragalactic PNs. Working in two fields in the outskirts of NGC 4697, we discovered and provided radial velocities for 218 PNs, of which 162 had been previously observed with VLT+FORS. Where possible, we compared the FOCAS radial velocities with those previously obtained with FORS, finding good agreement. We now have PN kinematic information extending out to 5 effective radii from the center of NGC 4697 (its effective radius is 66 arcsec). In particular, we have significantly improved the kinematic information at angular distances larger than 230 arcsec from the center of NGC 4697.
We have found the following: (1) the losvd at radii between 300 and 400 arcsec from the center of NGC 4697 is below 100 km s −1 , i.e. a bit lower than obtained from the much smaller FORS outer PN sample by De Lorenzi et al. (2008a) . This makes it difficult to narrow down the range of acceptable dark matter models. At least we can say that the dark matter halo around NGC 4697 is not as conspicuous as the one around NGC 5128. (2) the rotational signal, which is obvious close to the center, is no longer visible at about 5 effective radii from the center. By comparison to NGC 5128, it seems that much less angular momentum resides in the outskirts of NGC 4697. We need similar kinematic information about more elliptical galaxies.
A more quantitative interpretation of these results concerning NGC 4697 will require careful global modeling of the full, enlarged, FOCAS+FORS PN data set, plus existing absorption-line kinematic data, using NMAGIC or similar codes, following procedures described by De Lorenzi et al. (2008a) . This work was supported by the National Science Foundation under Grant No. 0307489. It is a pleasure to acknowledge the help provided by the Subaru staff, in particular the support astronomers Youichi Ohyama, Takashi Hattori and Kentaro Aoki. We would like to thank Fabrizio Bernardi for his help using David Tholen's astrometric programs for the calculation of J2000 equatorial coordinates. We also acknowledge comments by R. Saglia, O. Gerhard and J. Barnes, as well as some very useful remarks by an anonymous referee.
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